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NUTRITION AND STRESS 


By H. H. MITCHELL 
(Division of Animal Nutrition, University of Illinois, Urbana) 


Introduction 


The most precise investigations of the nutrient requirements of animals 

are carried out in the laboratory under controlled conditions rather than 

! under the uncontrolled conditions of practical life. The modern nutrition 

laboratory provides a protected environment for the subjects of experimental 

i study. Constant temperature, humidity, and air motion, sanitary conditions, 

periodic sterilization of equipment and even of ambient air, all tend to as- 

sure measurements of definite meaning and the successful replication of ex- 
periments in different laboratories. 


There is however reason to question the applicability of nutritional infor- 
mation obtained in a protected environment to that obtained from practical 
life, with its cycles of famines and food surpluses, with industrial processing 
modifying the nutritional properties of the food supply, with pathogenic 
agents—chemical as well as biological—contaminating food, water and air, 
§ and particularly with climatic stresses recurring with the seasons and differ- 
ing widely in different geographical zones. An important problem in nutri- 
tional research is to evaluate the effects of climatic or environmental stress 
_ on the nutrient requirements of man. Nutrient requirements are usually con- 
sidered to be functions of body size, metabolic rates, or some specific meta- 
_ bolic aspect. In what way may these relationships be disturbed by the impact 
_ of climatic stress? 


This review will be concerned with the effects of nutritional and climatic 
stresses on the animal organism, with the adaptive responses of the animal 
body in such situations and with the relation of the components of the food 
supply to the tolerance to stresses of these kinds. 
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Adaptation 


As the author has stated elsewhere (1), a prototype of animal adaptation 
to stress exists in physical systems and may be stated as follows: Any altera- 
tion in the factors that determine an equilibrium causes the equilibrium to 
____ become displaced in such a way as to oppose, as far as possible, the effect of 
| the alteration. If a given volume of gas, for example, is subjected to pressure, 
| there is a rise in temperature of the gas which operates to resist a change in 

volume by the pressure applied. The adjustment in the physical system may 
be almost instantaneous. In the animal, adjustment to stress is a time reaction 
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which may require weeks or months for its culmination, but the underlying 
principle is the same. 


The adaptive reactions of the animal body to the stress of a food supply 
deficient in essential nutrients may involve favorable changes in nutrient re- 
quirements, or in nutrient utilization, or they may extend to alterations in be- 
havior that will indirectly and adaptively affect nutrient needs or nutrient 
assimilation or both. 

Adaptation to climatic stress with reference to temperature, air motion 
and pressure and variable exposure to sun, is commonly called acclimatiza- 
tion. In discussing adaptation to cold, Laurence Irving has recently stated 
(2): “I do not hesitate to call adaptive those devices possessed by arctic ani- 
mals, and deficient in tropic forms, which obviously serve to conserve heat.” 
Conversely, in adaptation to heat, those devices are adaptive which obviously 
serve to dissipate heat or to impede its absorption from the environment. 


It is, of course, not to be inferred that all changes in animals induced by 
stress agents are adaptive (beneficial) or that adaptation occurs in all cases. 
Selye has stated (3) that all agents exert dual effects when applied to the 
animal body: (a) specific actions characteristic of the agent, and (b) non- 
specific or stressor effects that he calls the “general adaptation syndrome,” 
common to all stressors and characterized prominently by atrophy of the thy- 
mus, dissolution of lymphocytes, reduction in the number of eosinophiles 
the appearance of gastro-intestinal ulcers, an enlargement of the adrenal 
cortex with discharge of its lipids and cholesterol, as well as increased elim- 
ination of corticoids and corticoid metabolites.” This initial stage of the syn- 
drome constitutes the “alarm reaction.” It is followed by the “stage of adapta- 
tion or resistance,” characterized by a remisssion of the initial symptoms, to 
be followed, on continued application of a severe stress, by the “stage of 
exhaustion” in which the acquired adaptation is lost. The symptomatology of 
this stage is strikingly like that of the alarm reaction. The whole sequence of 
events is called “general” because it evokes generalized or systemic defense 
phenomena mediated through the anterior pituitary and the adrenal cortex. 
It is called “adaptive” because “ it helps the acquisition and maintenance of 
a state of inurement.” It is called a ‘‘syndrome” because its individual mani- 
festations are co-ordinated and even partly interdependent.” 


The Stress of Nutritional Deficiencies 


Chronic caloric restriction, consisting of a 60 per cent reduction in the 
amount of food that young adult albino mice would voluntarily consume, 
has been shown by Boutwell and others (4) to elicit the symptoms of the gen- 
eral adaptation syndrome as described above. Although female mice on re- 
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stricted diet were in anestrus, they responded normally when given estrogenic 
hormone, indictating that cell proliferation is not impaired during caloric 
restriction. The reduction in body weight under this type of stress is obvi- 
ously adaptive in that it diminishes caloric requirements. That a conservation 
of the energy supply is also an adaptive concomitant of chronic starvation is 
shown by the observations of Quimby (5) on young male albino rats. It was 
noted that the quantity of food required to maintain constant body weight 
became progressively less as uaderfeeding continued. This may have been a 
result of diminished muscular activity or of a lowered basal expenditure of 
energy. 

The first explanation of energy conservation in semi-starved animals 
seems contrary to the observations of Wald and Jackson (6), unless elapsed 
time enters into the picture. These authors report that the deprivation of 
food, or water, or thiamine, or riboflavin is associated in the rat with in- 
creased activity until specific deficiency symptoms appear. As the authors 
interpret this: “In a free environment running should fulfill an important 
function, since it increases the probability that the animal will encounter 
what (food) it lacks. In effect it represents a gamble in which the animal's 
metabolic reserves are staked against the chance of finding its necessities.” 

The second explanation of a conservation of energy during partial starva- 
tion, i.e., a lowered basal expenditure of energy, has been well established 
experimentally. In complete starvation (7), or in partial starvation (8, 9), 
it has been repeatedly shown—and the references cited have been selected 
from a much larger number—that the basal metabolic rate per square meter 
of body surface may, in the adult human subject, be depressed by undernu- 
trition by 25 to 30 per cent, and elevated again to normal by nutritional re- 
habilitation. In the obese subject, the depression of basal metabolic rate may 
not supervene until the excess fat stores are depleted. 

An interesting study by Taylor and others (10) on the effect of successive 
fasts on the ability of men to withstand fasting during hard work demon- 
strated to the authors’ satisfaction “that repeated exposure to the fasting 
state results in a more effective adaptation to fasting,” as revealed by meta- 
bolic, physiological and psychometric measurements. 

The stress of specific inanition, the damage resulting from deficiencies in 
individual nutrients, has been studied many times. In such cases the body is 
under the necessity of maintaining certain minimum concentrations of specific 
nutrients in the tissues for the normal performance of the functions that the 
nutrients promote. This is Claude Bernard’s concept of the constancy of the 
internal environment, while Cannon (11) has described the physiological 
mechanisms concerned with “homeostasis,” or maintenance of a steady state. 
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The first metabolic reaction to a stress that endangers homeostasis is the 
withdrawal of the nutrient in deficit from its reducible stores in the tissues. 
When these stores are exhausted the adaptation syndrome seems to be in- 
voked, followed by a specific reaction characteristic of the nutrient in deficit. 
If the stress is moderate, a period of resistance or adaptation may ensue, but 
if the stress is severe and prolonged the stage of exhaustion sets in followed 
by death if relief is not afforded. 

If the animal is allowed free access to individual nutrients or to concen- 
trates of nutrients (self-selection of diet), the appetite may play a significant 
role in maintaining the proper level of the respective nutrients in the tissues 
as Richter’s work (12) has shown. Under his experimental conditions rats 
deprived of the B vitamins will seek sources of the vitamins lacked, or will 
satisfy their energy requirements from the organic nutrients in such a manner 
as to minimize the physiological impact of the deficiency. Also, according to 
this author, “Rats deprived of endocrine secretions which regulate meta- 
bolism of carbohydrates, fats, proteins, or electrolytes, will when given the 
opportunity, select substances which compensate for the loss of the secre- 
tion.” Other workers have not been as successful as Richter in establishing 
these relationships (13), but the difference in results may be due to the sever- 
ity of the nutritional stress employed, in the sense that only a severe stress 
will reveal the appetite mechanisms that Richter describes. 


Space will permit reference to only a few of the reactions of animals to 
the stress of specific nutrient inanition. The water requirements of animals 
are related to many factors of diet, environment, and functional activity, but 
the demands for water for the conservation or the dissipation of body heat 
seem to be dominant. The proposal of Adolph (14) that, under non-stress 
conditions of environment and activity, “Roughly a convenient liberal stand- 
ard of total water intake for any mammal is 1 cc. per Calorie” has much in its 
favor (15). On a water intake adjusted to maintain body weight, Jackson 
and Smith (16) found that the requirement of young rats for water decreased 
progressively up to the second or third month of the experiment, after which 
there was a tendency for a slightly increasing requirement. These rats were 
emaciated and dehydrated with distinct and characteristic effects on organ 
weights. In desert animals depending largely on metabolic water for their 
supply, special mechanisms of water conservation have been developed, i.e., 
a much smaller pulmonary loss of water per ml of oxygen consumed, i.e., 
0.50 mg. as contrasted with 0.84 mg. for albino rats, mice and man (17), 
and the secretion of a urine “ . . . with concentration limits far in excess of 
what is known for other mammals,” without evidence of retention of meta- 
bolites in the blood plasma (18). 

Kleiber (19) has summarized critically the effects of dietary deficiencies 
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on the energy metabolism of animals. He points out that the basal metabo- 
lism of the animal is depressed by a severely restricted intake or a deficient 
diet, but when the food intake of control animals is restricted to equal that 
of animals on deficient diets, the basal metabolism of the latter is sometimes 
significantly increased, specifically in deficiencies of potassium, magnesium 
and calcium. He interprets this increase in basal energy expenditure as a 
“homeostatic waste,” by which he means that certain tissues are broken down 
or raided to provide the mineral in deficient supply so that the constancy of 
the internal mineral environment (homeostasis) can be maintained. 


The flexibility of the animal body to variable supplies of calcium is a very 
striking feature of calcium metabolism. Instances of this phenomenon in 
farm and laboratory animals have been cited elsewhere (1), but it is quite 
evident in human experience also. As compared with the current recommend- 
ed daily allowance of the National Research Council (20) of 1000 mg. of 
calcium for a 70 kgm. man, many recorded observations of maintenance of 
health and positive balance of calcium on much lower intakes are in the 
literature, down to 300 to 400 mg. daily (21, 22). In 1946 Steggerda and 
Mitchell (23) summarized the results of balance experiments on 43 adult 
human subjects, indicating an average requirement of 10 mg. of calcium per 
kgm. body weight daily for calcium equilibrium, with a coefficient of varia- 
tion among individual values of 23 per cent. Five years later, the same 
authors (24) reported results of a similar nature on 13 adult men; the cal- 
cium requirements in these subjects averaged only 7.4 mg. of calcium per kgm. 
body weight per day. In the current year, Johnston and her colleagues (25) 
studied the calcium retention of 6 college women on diets with and without 
a spinach supplement. On the basal diet without spinach, providing 15.2 mg. 
of calcium per kgm. body weight per day, slight negative balances of calcium 
were general, indicating that this value was near the requirement. In striking 
contrast to the Cornell findings are the observations of Hegsted and others 
(26) on 10 adult Peruvian men, leading to the conclusion that the require- 
ment for equilibrium averaged only 1.4 to 2.9 mg. per kgm, body weight per 
day, depending on the method of calculation. 


The experimental technic in all of these studies seems beyond criticism. 
How can their divergence be explained? Hegsted et al, are of the opinion 
that indicated requirements of calcium for body equilibrium are but expres- 
sions of previous calcium nutriture. Their experimental subjects had for an 
extended period of time been subsisting on a dietary containing very little 
milk. On the contrary, the experimental subjects of the Cornell group had 
been deliberately pretreated for a week’s time with at least 2 glasses of milk 
daily and probably the habitual diet of the Cornell, as well as of the Illinois, 
subjects had contained milk in some amount. The utilization of dietary cal- 
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cium in the 1946 experiments at Illinois averaged only 32 per cent, while in 
the 1951 experiments it was 50 per cent, the lower dietary requirement for 
calcium being associated with the higher utilization. 

The whole picture of calcium metabolism revealed by these studies in- 
dicates an adaptation of the body to the calcium intake to which it has been 
habituated: on a high-calcium regime, the amount of calcium required for 
body equilibrium is high and the utilization of the dietary calcium is low; on 
a low-calcium regime the reverse is true. The results of Walker and Irving 
(27) on three adult human subjects are in harmony with the concept of a 
developing adaptation to an intake of calcium that initially was inadequate. 

The mechanism of adaptation may reside in the degree of body (bone) 
saturation with calcium, since Rottensten (28) and Fairbanks and Mitchell 
(29) have observed that the degree of tissue saturation is inversely corre- 
lated with the percentage utilization of dietary calcium. Furthermore, calcium 
ions liberated from functional combinations in catabolism may be reutilized 
by the growing animal in reforming such combinations (29, 30) to the ex- 
tent that, on low calcium intakes, the maintenance requirement disappears. 


Nutrition and Climatic Stress: Cold 


The relationship between nutrition and climatic stress is a broad field of 
study that has been sporadically explored, mainly upon laboratory animals, 
for many years. However, during World War II these relationships demand- 
ed intensive and immediate study upon human subjects in order that service 
personnel assigned to different climatic regions in the global war might be 
properly fed so as to carry on their duties in the most effective way possible. 
These studies have been reviewed elsewhere (31) based upon a total of 835 
Original sources. In the space available here it is obviously impossible to 
cover this area of knowledge in an adequate manner. The conclusions derived 
from the review referred to (31) will be presented with specific reference 
only to information that has appeared in print since November, 1949. 

The response of the animal body to cold stress follows the pattern of the 
general adaptation syndrome (32). The adrenal cortical stimulation charac- 
teristic of this syndrome is greater in the rat when subsisting on a 30 per cent 
protein diet than on a 15 per cent level (33). A greatly increased excretion 
of ascorbic acid, dehydroascorbic acid and diketogulonic acid on exposure to 
cold is probably related to increased adrenal cortical activity. (34). The in- 
creased incidence of ketone bodies in the urine of man on exposure to cold 
has been interpreted both as an expression of the adaptation syndrome and 
as the involvement of fat in the phenomena of systemic stress (35). 

Certainly, a cold environment, in proportion to its severity, increases the 
caloric requirements of man and of animals. Certainly, also, arctic mammals 
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and birds are better adapted to withstand the stress of cold than are tropical 
mammals and birds (36). Although, since heat loss is proportional to tem- 
perature differential between the body interior and the environment, “‘arctic 
animals would gain in heat conservation by having a lower body temperature 
than other mammals, and tropical mammals would gain in latitude of heat 
regulation if they were warmer than usual,” no such relationship exists. 
Neither body temperature, nor basal metabolism (37), varies significantly 
from climate to climate. The critical temperature differential (the widest dif- 
ference in temperature between that of the body and the environment which 
will still permit a constant normal body temperature) is adapted to climate 
by appropriate changes in over-all insulation and by behavioral thermoregu- 
lation (posture, huddling, nesting) . Such factors bring about a lowering of the 
critical temperature, a marked widening of the zone of thermic neutrality, 
and a slower rise in the metabolic rate below the critical temperature. Rapid 
air movement in a cold environment brings on more quickly the demands for 
an increased heat production in proportion to the wind velocity (38). 

The effect of the cold stress upon water requirements is one of depression 
except in so far as sweating may occur during periods of work of a severity 
of 4 metf or more when heavy arctic clothing is worn. There is considerable 
evidence in the literature that the requirements of ascorbic acid by laboratory 
animals, either in the dietary supply or by biosynthesis, is increased as a re- 
sult of cold exposure. Ershoff in the last few years has presented evidence 
obtained with the laboratory rat that adjustment to a temperature of 2 C. is 
impaired by a dietary deficiency of pyridoxine (39), of riboflavin (40) and 
of vitamin A (41, 42). In accounting for these effects he notes that since, in 
the cold, animals gain less in body weight although eating more than animals 
in a comfortable environment, the results observed may be due, at least in 
part, not to the vitamin deficiency per se but to the attendant reduction in 
caloric intake in proportion to needs. Hegsted and McPhee (43) in reporting 
somewhat similiar data on the thiamine requirement of rats in the cold are 
more conscious of the vitiating effect of variable caloric intakes, and modify 
their conclusion of a greater requirement of this vitamin accordingly. The de- 
sign of the experiments of Mitchell and others (44) circumvents this criti- 
cism and establishes an increased riboflavin requirement in the cold by pigs 
as measured by dietary concentration, both by the results of controlled feed- 
ing experiments and by the demonstration of a smaller spill-over of riboflavin 
in the urine at the lower of the two temperatures employed. 

Dietary modifications may definitely affect the tolerance to cold. In human 
nutrition, a high carbohydrate diet, approximating what would be considered 





_ +1 met is equivalent to a metabolic rate of 50 cals./m2/hr., the metabolism of a resting sub- 
ject in a sitting position. 
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a typical American diet, is superior in this respect to one top-heavy in its pro- 
portion of protein (305 grams per 3000 calories) during exposure to a tem- 
perature of —20° F. Varying reciprocally the proportions of carbohydrate 
and fat in diets containing an adequate but not an excessive proportion of 
protein revealed additional benefits for the high-fat diets under certain con- 
ditions and with certain of the tests employed. The levels in the diet of thia- 
mine, ascorbic acid, riboflavin and niacin, provided they are present in pro- 
portions adequate in a comfortable environment, exert no appreciable effect 
on man’s resistance to a cold stress. There is some evidence, direct and cir- 
cumstantial, and considerable rational support for the belief that decreasing 
the intervals between meals, especially if the diet is rich in fat, will increase 
their favorable effect on the thermal balance in a cold environment, although 
the problem needs further study. 

In conditions of inactivity high-protein foods may exert a temporary 
favorable effect on cold tolerance for a short period following the intake of 
nourishment as compared with high-carbohydrate foods, due to the higher 
specific dynamic action of the former but under conditions of normal activ- 
ity, other factors dominate the situation (45). 


Nutrition and Climatic Stress: Heat 


The response of the animal body to environmental heat stress is adaptive 
to the extent that the dissipation of heat produced within the body and the 
absorption of heat from the environment are modified so as to minimize the 
heat balance. Animals that sweat are at a distinct advantage in such environ- 
ments over animals that do not sweat, since evaporative heat loss is the only 
method of heat dissipation available at body temperature or above. It is not 
surprising, therefore, that sweating is the most effective mechanism in pro- 
moting tolerance in man to a hot environment, and increased sweating is one 
of the most effective items in acclimatization to heat (46). 

The water requirements of the human body are thus definitely increased 
under the stress of a hot environment. The daily requirement of water may 
increase from 2.5 to 3.0 liters in comfortable weather to 13 liters or more 
during work in hot weather. Under these extreme conditions thirst is not an 
adequate guide to water needs, although if thirst for water is satisfied period- 
ically during exposure, probably no serious dehydration will occur. 

With the increased loss of water through sweating, losses of all the min- 
erals, vitamins, amino acids, etc., that normally occur in sweat will increase 
also, and may modify requirements accordingly. Whether these losses of 
nutrients will lead to corresponding increases in requirements will depend 
in part upon whether compensatory changes in urinary losses occur. 

The most important solute in sweat quantitatively is sodium chloride. 
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The requirement for this salt may increase from a non-sweating level of 2 to 
5 grams daily to 15 to 17 grams daily under conditions of profuse sweating. 
The latter values are but little more than the normal daily intake in well-sea- 
soned meals (10 to 15 grams daily). If a salt deficiency develops during 
acclimatization to heat, there is a conservation of salt in the sweat (47) as 
well as in the urine, due to the hormonal activity of the adrenal cortex elicited 
in response to a deficiency of salt. 


Despite small losses of all water-soluble vitamins in human sweat, vita- 
min requirements do not seem to be appreciably increased over the values in 
a temperate climate by residence or by work in a tropical climate. Further in- 
vestigation with reference to ascorbic acid might well be done. 

Human sweat apparently contains all of the minerals present in blood 
plasma (48), but only the losses of calcium, iron and in desquamated epider- 
mal cells suspended in sweat (49) indicate increased requirements of these 
minerals in a tropical environment. 

The energy requirements of man are decreased in a hot climate as com- 
pared to a temperate climate because of (a) a depressed resting-fasting meta- 
bolic rate in such a climate (50), (b) a greater efficiency in certain types of 
muscular work associated with the wearing of lighter clothing, (c) a lessened 
capacity for work, and (d) less motivation to engage in muscular work and 
muscular exercise. An important effect of heat stress is a depression of the 
appetite for and the consumption of food. This has been noted recently in in- 
fants by Cooke (51), who discusses this as an adaptive response to the stress 
applied, since the diminished food consumption is associated with reductions 
in the specific dynamic action of food, the osmotic load of nitrogenous meta- 
bolites and consequently of urine water (conserving water for evaporative 
use), and the sodium and chloride intake, preventing excessive retention of 
these electrolytes and hyperosmolarity of body fluids. 

Attempts to increase man’s tolerance to heat, or to expedite acclimati- 
zation to heat, by varying the proportions of carbohydrates, proteins, fats, and 
vitamins in the diet have not been as extensive as the importance of the prob- 
lem warrants; such evidence as has been secured is largely negative in its 
significance. No clear relationship between nutrition and “tropical deteriora- 
tion” has been revealed. The most indicative are the experiments of Droese 
(52) who reported that thiamine supplementation of a freely chosen diet 
increased the capacity for doing work in the heat, when extra calories were 
supplied by glucose. 


Nutrition and Climatic Stress: Altitude 


The effects of altitude on animal metabolism are due predominantly to a 
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diminished partial pressure of oxygen in the inspired air and in the alveolar 
air in the lungs. The hypoxia thus produced elicits the usual symptoms of the 
general adaptation syndrome, (53, 54). A marked increase in the number 
of red blood cells is for example a specific adaptive response to hypoxia. If 
the animal is unable to adapt itself successfully to the stress of high altitude 
adrenal exhaustion and degeneration, deposition of hemosiderin in many 
organs as a result of the excessive breakdown of red blood cells, and other 
pathological changes develop leading eventually to death (55). 


Under severe hypoxic conditions, the supply of oxygen is diminished and 
survival of the animal depends upon its ability to depress oxygen demands. 
If the cold stimulus and hypoxia are simultaneously imposed a dog will stop 
shivering to diminish its metabolic rate: the preservation of life depends more 
upon retrenchment in oxygen usage than upon maintenance of body tempera- 
ture. For the same reason, a severe restriction of food consumption will 
prolong life at simulated high altitudes (56). 


Hypoxia may not affect the basal metabolic rate appreciably, although the 
evidence is conflicting on this point, nor the efficiency with which muscular 
work is done, but it clearly depresses the will to work, the endurance, and 
the work capacity. The mental faculties are depressed and the acuity of sen- 
sory impressions diminished, the eye being particularly sensitive to hypoxia. 
The respiratory effort required to transfer a unit of oxygen from the ambient 
air to the alveoli is of course increased, and the hyperventilation induced will 
somewhat increase the evaporation of water from the respiratory passages. 

These disturbances in body functioning induced by reduced oxygen satura- 
tion of arterial blood and a lowered partial pressure of oxygen will tend to 
depress the requirements for food energy and possibly increase somewhat the 
need for water. There are suggestions that the requirements for ascorbic 
acid, for thiamine and for nicotinic acid may be increased, but no evidence 
approaching a demonstration has been reported in human nutrition. 

Certain dietary alterations in pre-flight and in-flight meals during high- 
altitude flying have been clearly shown to increase tolerance to hypoxia. In 
particular, the ingestion of sugar and other carbohydrate foods increases men- 
tal efficiency, neuro-muscular coordination, the capacity for muscular work, 
the field of peripheral vision and the acuity of vision in dim light. It defers 
syncope and decreases the severity of the symptoms of decompression sick- 
ness. Vitamin supplements to an adequate diet have not been shown to in- 
crease appreciably the tolerance of man to hypoxia. 


Conclusions 


Warm blooded animals including man live under the necessity of main- 
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taining within narrow limits a cellular environment of constant composition 
and a constant deep-tissue temperature. In doing so, the weather becomes a 
subsidiary factor in determining the pattern and the effectiveness of living. 
The stress of nutritional deficiencies and of extremes of climates are threats 
to the physiological mechanisms responsible for these characteristic features 
of homeotheremy. When stress strikes, the first impact may be damaging, 
but ultimately adaptive changes develop and the damage is repaired. 
Whether the adaptation that results is completely successful will depend 
upon the severity of the stress. If the stress is successfully met, the body ad- 
justs itself to its new situation by depressing (or increasing) its metabolic 
rate, restricting demands against its nutritive reserves, using more economi- 
cally its available food supplies, or changing its selection of foods to amelio- 
rate the impact of the stress, if prior food habits are not too deeply ingrained. 
This flexibility of the animal body to changing conditions necessitates a re- 
vision in our conception of nutrient requirements, a revision that must await 
a deeper knowledge of the accompaniments of adaptation. If the stress can- 
not be successfully coped with, nutritional exhaustion occurs, “adaptation 
energy, according to Selye, is used up, and disaster results. 
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